Grant Agreement Number768953
Project acronymiCT4CART

Project full title: ICT Infrastructure for Connected and Automated

Road Transport

D8.1: Evaluation methodology
Due delivery date30 June2020
Actual delivery date27 July 2020

Organgation name of lead partipant for this deliverableICCS

Dissemination level

PU Public

PP Restricted to other programme participants (including the GSA)

RE Restricted to ayroup specified by the consortium (including the GSA)
CO

Confidential , only for members of the consortium (including the GSA)

This project has received funding
and innovation programme under grant agreement No 768953

from




Document Control Sheet

Deliverable number: D81
Deliverable responsible:| ICCS
Workpackage: WP8
Editor: Vasilis Sourla$CCS

Author(s)¢ in alphabetical order
Name Organisation E-mail
Gottfried Allmer ASF Gottfried.Allmer@asfinag.at
Isabel Althoff BOSCH Isabel.Althoff@de.bosch.com
Danilo Amendola FCACRF danilo.amendola@ctf.it
Alberto Bellini SWARCO alberto.bellini@swarco.com
Paul Blakeman UFL paul.blakenan@urbanforesight.org
Edoardo Bonetto LINKS edoardo.bonetto@linksfoundation.cor|
Daniele Brevi LINKS daniele.brevi@linksfoundation.com
Michael Buchholz UULM michael.buchholz@unilm.de
BirgerHaetty NOKIA Birger.haetty@nokia.com
Robert Mark Hegyi BOSCH RobertMark.Hegyi@hu.bosch.com
Kevin Lepretre AIRBUS kevin.lepretre @airbus.com
Guillemette Massot AIRBUS guillemette.massot@airbus.com
Clive Parsons UFL clive.parsons@urbanforesight.org
Anastasia Petrou BMW Anastasia.Petrou@bmw.de
Patrick Ring BMW Patrick.Ring@bmw.de
Gianluca Rizzi WINDTRE Gianluca.Rizzi@windtre.it
Steffen Schulz NOKIA steffen.schulz@nokia.com
Maria Rita Spada WINDTRE mariarita.spada@windtre. it
Jan Strohbeck UULM jan.strohbeck@unrulm.de
Friedrich Vogl ASF Friedrich.vogl@dmag.at
Markus Wimmer NOKIA markus.wimmer@nokia.com

Document Revision History

Version Date Modifications Introduced
Modification Reason Modified by

V0.1 13/01/2020 | Initial set ofTechnical Evaluation | V. Sourlas (ICCS)
KPlsand draft evaluation K. Katsaros (ICCS)
methodology

V0.2 14/2/2020 | Finalset of KPIs and initial set of | SCN leaders
Impact Assessment Metrics

V0.3 27/2/2020 | Final set of TEKPIs and Vs SCN leaders

V0.4 12/3/2020 | Initial definition of SCNs TFT and | SCN leaders,
evaluation methodology. Initial V. Sourlas (ICCS),
version of Impact Assessment Paul Blakeman (UFL),
methodology andCost analysis an¢ Clive Parsons (UFL)
market sustainability methodology

V0.5 6/5/2020 BMW Generalization (simulation) | Patrick Ring (BMW),
methodology Anastasia Petrou (BMW)

V0.6 18/6/2020 | Finalization of TFTs SCN leaders

V0.8 6/7/2020 Final version ready for review V. Sourlas (ICCS)

SICT4

CART 2


mailto:Gottfried.Allmer@asfinag.at
mailto:Isabel.Althoff@de.bosch.com
mailto:danilo.amendola@crf.it
mailto:alberto.bellini@swarco.com
mailto:paul.blakeman@urbanforesight.org
mailto:edoardo.bonetto@linksfoundation.com
mailto:daniele.brevi@linksfoundation.com
mailto:michael.buchholz@uni-ulm.de
mailto:RobertMark.Hegyi@hu.bosch.com
mailto:kevin.lepretre@airbus.com
mailto:guillemette.massot@airbus.com
mailto:clive.parsons@urbanforesight.org
mailto:Anastasia.Petrou@bmw.de
mailto:Patrick.Ring@bmw.de
mailto:Gianluca.Rizzi@windtre.it
mailto:steffen.schulz@nokia.com
mailto:mariarita.spada@windtre.it
mailto:jan.strohbeck@uni-ulm.de
mailto:Friedrich.vogl@asfinag.at
mailto:markus.wimmer@nokia.com

V0.9 15/7/2020 | Review comments by SEAB E. Krikigianni (SEAB)

integrated V. Sourlas (ICCS)
V1.0 271712020 | Review comments by UULM J.Strohbeck UULM)
integrated M. BuchholZUULM)

V. Sourlas (ICCS)

Abstract
The purpose of thisdocumentis to describe the ICT4CART evaluation methodolddne main
objective of the deliverable is to provide an extended set of Key Performance Indicators (KH
metrics for evaludabn and analysis of the ICTACART architecture and the corresponding use|
scenarios Targeting a holistic evaluation process, the deliverable specifies KPIs aimed to gu
technical perfomance evaluation of the proposesblution, along with appropriate metrics f{
support evaluation on the fronts of impaassessment
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Abbreviations and Acronyms

Acronym Definition
AD Automated Driving
AT AuthorizationTicket
ADAS Advanced Driver Assistance Systems
AMQP Advanced Message Queuing Protocol
API Application programming interface
CAM Cooperative Awareness Message
CAV Cooperative Automated Vehicle
CBA Cost Benefit Analysis
CITS Cooperative Intelligentransport Systems
CPM Collective Perception Message
DENM Decentralised Environmental Notification Message
DL Downlink
E2E Endto-End
EC European Commission
ENC ENrolment Credential
EPM Environment Perception Model
ETSI European Telecommunicatioandards Institute
FESTA Field opErational teSt supporT Action
GLOSA Green Light Optimised Optimised Speed Advisory
GNSS Global Navigation Satellite System
GPS Global Positioning System
HMI Humanmachine interface
HTTP Hypertext Transfer Protocol
HW Hardware
IAM Identity and Access Management
IA-M Impact Assessment Metric
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ICT Information & Communication Technology
loT Internet of Things
IT Information Technology
ITS Intelligent Transport Systems
ITSG5 Wi-Fi (WLAN) communication standdrdsed on IEEE 802.11a
IVIM Infrastructure to Vehicle Information Message
12V Infrastructure to vehicle
L3, L4 Level 3 and level 4 driving levels of the automated driving system
LiDAR Light Detection and Ranging
LTE LongTerm Evolution
MAPEM MAP (topology) Extended Message
MEC Multi-Access Edge Computing or Mobile Edge Computing
MNO Mobile Network Operator
NTRIP Networked Transport of RTCM via Internet Protocol
OoBU Onboard unit
OEM Original Equipment Manufacturer
OSRM Open Source Routing
oS Operating System
POI Point of Interest
PoO Point of Observation
PoV Proof of Value
QoL Quality of Life
RSU RoadSide Unit
RTCM Radio Technical Commission for Maritime Services
RTK RealTime Kinematic
SCN x.y Scenario x.y
SPATEM Signal Phase Andming Extended Message
SuUs System Usability Scale
SW Software
TCP/IP Transmission Control Protocol/Internet Protocol
TEKPI TechnicaEvaluatiorKey Performance Indicator
TFT Traffic Flow Type
TLA Traffic Light Assistance
TM Centre TrafficManagement Centre
UE User Equipment
ucC Use Case
UDP User Datagram Protocol
UL Uplink
UTC Coordinated Universal Time
V2| Vehicle to Infrastructure
V2N Vehicle to Network
V2V Vehicle to Vehicle
V2X Vehicle to anything
Wi-Fi Wireless FidelityWWLAN IEEE 802.11 Standard)
WLAN Wireless local area network (IEEE 802.11 Standard)
WP Work Package
Tablel: Abbreviations and Acronyms
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Executive Summary

The aim of the ICT4CART project is to design, implement and test a versatile IQTidnfrash reat

life conditions, whichwill enable the transition towards higher levels of automation. It focuses on four
high-value use cases: Smart Parking & IoT services, dynamic adaptation of vehicle automation level
based on infrastructure informatignintersection crossing (urban) & lane merging (highway), and
crossborder Interoperability. ICTACART usases have beenarefully selected based on specific
criteria, whichare: i) alignment with EU policy and relevant forums and initiatives, ii) significant impact
on connected automation, iii) the ability to generalise on the results (applicable in other scenarios and
environments), and iv) interest to the consortium membeand relevance to their industrial
roadmaps. Moreover, these use cases are serving one of the main targets of the project, which is to
show that the proposed and implemented ICT infrastructure architecture is flexataptable and

can serve the needs ofarious automated driving use cases (safety, comfort, etc.) with different
requirements, across test sites with different capabilities. The ICT4ACART use cases can be global or

HICT4
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local, can be associated with network slices or not, can use Edge Clouds/@grguhot, can use
different radio technologies and can be used everywhere (roaming aspect). They also consider
mechanisms for cybesecurity, authentication, integrity and privacy. For this purpdsar test sites

are involved in ICT4ACART, namely intdaysin Germany, in Italy and a cressrder site at the
Austrianltalianborders.

The main objective of WHBto evaluate the ICT4CART architecture through the proposed scenarios

defined for each test siteSince ICTACART deals with many different corapts, multiple use cases

and novel architectural solutions, its actual evaluation becomes pivotal and inartistically multifaceted.

WP8 will evaluate and validate each logical component of the proposed architecturei®3)jland

its potential impact (irpact assessment), validate the proposes use cases (D2.1) and finally evaluate
the overall role of the infrastructure in enablitige transition towards road transport automation.

First, theintroduction in Sectiorl describes the aims of ICT4CART,the.design and deployment of
the ICT4CART technologies on the test sites coveringaltases. Sectid) presents the KBland
metrics framework to be used in ICTACART, whereas Sé&ctind Sectior present the set of the
Technical KPIs and Impact assessment meimsordingly Section5, presens the technical
evaluation methodology to be employed in Task &IZchnical Performance Evaluatioof the
project, whereas Sectio® present the generalization methodology to be employed and the
simulation schemes that will allow the consortium to test the ICT4ACART architecture under real
network and road traffic situation®r a specific demanding scenari®ection 7, is devoted to the
impact assessment evaluation methodology that will be employed in Taslo@act Assessmeat 2 F
the project whereas Sectio@ presents the cost analysis and market sustainability methodology to be
employed in Task 8.4Cost Analysis and Market Sustainability 2 ¥ (i K SinallyJNR@&EO
concludes the report

HICT4
CART 7



1 Introduction

1.1 Aim of the project

Today, significant and rapid advances in both telecommunication and IT industries can be accredited
to fast-growing disruptive technologs. Amongst these, the ETSHF@%technology can be considered

a mature and accessible technology with widely accepted norms and easily available products.
Moreover, the 5G technology is evolving rapidhd features lowcost and rapid deployment since it

can wseexisting base stations. In the light of the above, several ICT challenges related to connectivity,
data management, cybesecurity and ICT infrastructure architectures still play a significant role and
need to beaddressed in order to enable road vehicle automation. Thus, it is of utmost importance for
vehicle automation to work on the direction of advancing the digital and ICT infrastructure, taking also
into consideration the limitations in both resources anddstments in the physical transport
infrastructure.

ICTACART aims to address the gapghe deployment by bringing together key players from
automotive, telecom and IT industries, to shape the ICT landscape for Connected and Automated Road
Transporfandto boost the EU competitiveness and innovation in this area.

The main goal of ICT4CART is to design, implement and test a versatile ICT infrastruetiide
conditions, whictwill enable the transition towards higher levels of automation (up toddglressing
existing gaps and working with specific key ICT elements, namely hybrid connectivity, data
management, cybesecurity, data privacy and accurate losation. ICT4CART builds on higliue

use cases (urban and highway), which will be demonstirand validated in redife conditions at the

test sites in Austria, Germany and Italy. Significant effort will also beingat crossborder
interoperability, setting up a separate test site at the Italfanstrian border.

1.2 Purpose of the document

The purpose of this document is to describe the ICTACART evaluation methodology. The main
objective of the deliverable is to provide an extended set of Key Performance Indicators (KPIs) and
metrics for evaluation and analysis of the ICTACART architecturenanmbtresponding use cases/
scenarios. Targeting a holistic evaluation process, the deliverable specifies KPIs aimed to guide the
technical performance evaluation of the proposed solution along with appropriate metrics to support
evaluation on the fronts bimpad assessmentKPIs/metrics are an essential part of the evaluation
strategy of different technologicapalications and approachesudmated drivingsolutions have far
reaching implications and, to understand them properly, one must address several issues. KPIs capture
and detail performance measurement results, helping stakeholders to evatwatgerformance of a
deployment The challenge is to selethe proper set of KPIs to ensure that all the deployments and
trials are using indicators aligned with their goals. It is, therefore, crucial to research and understand
the KPIs that are impaaht and specific to the ICTACART ecosystBmthis end, theproposed
KPI/metric set aims to be extensive enough to enable the thghoassessment of the involved
technologies and all the use cageC)defined in D2.1, and sparirom purely technical KPlIsitapact
assessment metrics.

Besides the KPIs/metrid38.1defines a clear set of evaluation objectives aimed to clarify the targeting
of the evaluation methodology. This includes a detailed definition of the nature of the evaluation
results sought after, namely specifying the target challenges and the comdsp questns to be
answered so that ICT4ACABVentually derives and delivers to the community a set of conclusions
regardingthe transitions towards higher level of automatio@n tre technical evaluation front, DB
provides a rigorous descripth of the evaluation methodology by deliverirggprecise description of

the states of the network and application components along witmévéaking place due to mobility

HICT4
CART 8



Furthermore, the deliverable provides a generalisation methodology that will be usedi@n to
project the experimental results from the trial sites to more complex and scalable environments
through means of simulati@ Although the deliverable puts particular weight on the technical
performance evaluation methodology, it also establishes ¢valuation methodology for the Impact
Assessmendctivities in ICTACARMRdfor the CostBenefit Analysis (CBA) that will be employed.

1.3 Intended readership

This deliverable is addressed to any interested reader (i.e., PU dissemination level) whatevisihes
informed of theevaluation frameworkhat is used in ICT4ACART projecet@luate and validatéhe
use cases and scenarios define@ml (also PU dissemination levald the corresponding ICT4ACART
reference architecture defined iD3.1(also PU dissemination level)

HICT4
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https://ict4cart.eu/assets/deliverables/ICT4CART_D2.1_Specification-of-Use-Cases_v1.0_final.pdf
https://ict4cart.eu/assets/deliverables/ICT4CART_D3.1_ICT4CART-Reference-Architecture_v1.0_final.pdf

2 KPIs and metrics framework

The KPIs aim to capture important performance aspects reflecting on the quality of the service

perceived by the end user and are selected based on the-lbigh project objectives, the
UCs/Scenarios goals and the impact requirements, as well as, their applicability to the different sites.

Furthermore, the identified KPIs aim to be Specific, Measurable, Attainable, Relevant, Timed (SMART),
and simple to understand:

= =4 =4 =4 =4

Specific Target a spefic domain or fielgl

Measurable Quantifiable evaluation

Attainable: Achievable with the resources, technology and the time available
Relevant:Evaluation and success relevant

Timed:Values can be collected within tirieames weHaligned with the prgect coursee.g.,

facility readiness.

2.1 Technical evaluation KPI framework

For each selected KPI, a series of information elements are provided as desciiladtebelow.

Table2: Technical Evaluation KPI definition template

Title Title of the KPITEKPIxShortTitle
TE Technical Evaluation
x: KPI index
Description Highlevel description of KPI
Where to Points of measuremefabservation (PoOg.g.,User EquipmentB, On-Board
measure Units (U9, Application Server, etc.
How to A highlevel description of the measurement methodology, including (wh
measure applicable):
i Detailed definition of KPI e.g., what timestamps to use for latency, w
packets to consider for throughput, etc.
1 Key (functional) requirements for the measurements e.g., endp
synchronization, background, traffic generation (if any), etc
1 Key varying parameters e.g., background traffic, vehicle speed,
encoding, etc.
Comments (Optional)

Unless otherwise stated, the identified KPIs refer to the performance perceived on ato-end
(E2E) application level. l§jact to the exachature ofeach UGand the deployment scenario, the E2E
allL) AOF A2y fS@St ao02LIS YI& GSNXYAYyLFGS G GKS

2.2 Impact assessment metrics framework

G9R:

The purpose of Impact Assessment is to assess the potential business and societal impacts of the
systems and UCs demonstrated in the sites in the context of ICTACART project. To this end, a series of
metrics are identified for the support of a qualitatianalysis on the corresponding benefits. As
detailed inSection4, the identified metrics aim to capture aspects related to the improvement of

persond mobility, traffic flow efficiency, traffic safety, and business impacts. Unless otherwise stated,

the identified metrics will be assessed through meanmfrviews with endusers and stakeholders
as well as observations of the actual demonstraticarmg] as such, they present a common, unified

ICT4
CART
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measurement methodologyTable 3, presents the Impact Assessment metric definition temglat
including the adopted naming convention.

Table3: Impact Assessment metric definition template
Title Title of the KPIIA-Mx-ShortTitle

IA-M: Impact Assessmemdletric

X: metric index within sulzategory

Description| High level description of KPI

HICT4
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3 Technical EvaluatioKPIs

The followingtables present the set of KPIs selected for the technicaffgrenance evaluation in
ICTACART

Table4: TEKPL-Endto-EndTransportLatency
Title TEKPIL-Endto-EndTransportLatency

Description Elapsed time from the momerd data/C-ITS messages available at the
source application instance to the moment it is received by the desting
application instance(sAn application instance is a vehicle HMI, OBU,
and/or application on a server.

Where to measure | UEs/OBUs and/or Application ServEhe selection of the exact eqabints
depends on the application deployment specifics, for instance with re
to the availability/usage of a MEC solution for the deployment of
Application Server, the use of V2V aommications, in which case the tw
application ends reside, both, on vehicles, etc.

How to measure | At the source node, e#mestampis added in the application layer the
application packet the moment the packet is delivered to kth&JLI A G
(datasource) OS/network stack for transmissidratency is measurettie
moment the packet is received at the applicati@yer at the destination
node. This requires the synchronization of the source and desting
points.

As different network segmente.g, backhail vs. core vs. access segmer
contribute to the overall endo-end latency captured by this metric, furthg
measurements may optionallgpply. For instancefpcus on intermediatg
points in the network e.g., measuring the latency component of t
backhaul network segment. In such cases, measurements take place
network or link layer, rather than the appditon layer

Comments This KPI aims to capture the etalend transport latency as perceivedt
the application layer. As such, the measurement values will also in
delay components owing to local processing i.e., from the moment
packet is received at the link layer up until its dety to the application
layer.

To arrive at a precisatency value, the systems tiag timestamps need tg
either have synchronized clocks or the offset of the used clock to UTG
to be specified

This KPI can be measured both for the sharige and the long rang
communication schemes.

Table5: TEKPI2Endto-End Application Latency
Title TEKPI2Endto-EndApplicationLatency

Description Elapsed timénterval from the time instant at which raw data are availa
from sensors at the source applicatitmthe time instant the transmitted
CITS message is processmtthe vehicleside and information is provide
to the destinationapplication instance(s)An application instance is
vehicle HMI, OBU, RSU, and/or application on a server.

@ ICT4
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Where to measure

UEs/OBUs and/or Application Servéhe selection of the exact eqgbints
depends on the application deployment specifics, for instance with re
to the availability/usage of a MEC solution for the deployment of
Application Server, the use of V2Vlmounications, in which case the tw
application ends reside, both, on vehicles, etc.

How to measure

At the source node, amestampis logged at the moment at which the ra|
data are made available at the source application. This timestamp cé
added in theapplication packet(e.g., GTS message) to beelivered
Latency is measurettie moment theinformation of apacketis receivecoy
the destination application instance(g)his requires the synchronization
the source and destination points.

Additional timestamps can be logged and, if needed, added to
application packet to identify the different contributions (e.g., raw a
processing time, application packet coding, application packet process
destination,etc.) of the endto-end application latency.

Comments

This KPI aims to capture the etatend applicationlatency as perceived &
the application layerThis information is useful to understand the tin
effectiveness of a given application, j.€. the application can provids
enough fresh information to the destination application.

Alsq the GITS messages can be measured here to evaluateKiigiow
long it takes from the data entry in the road operator backend system
the message is received in the vehjcle

To arrive at a precise latency value, the systémkingtimestamps need tg
either have synchronized clocks or the offset of the useckdio¢J TC neesl
to be specified

This KPI can be measured both for the shiartige and the longange
communication schemes.

Table6: TEKPB- CommunicatiorReliability

Title

TEKPB- CommunicationReliability

Description

Amountof application layer packets successfully delivered to a given sy
node within the time constraint required by the targeted service, divideq
the total number of sent network layer packets.

Where to measure

UEs/OBUs and/or Application Server

How to measure

Measurements build on the comparison between the number of packets
and received within a certain time constraint, thus require the logging of
corresponding information on a sourdestination level. The measureme
will take place on an gghication level. Time constraints depend on the act
application context and will be defined on a g&renario base

Comments

The same KPI can also be measured with tiESOmessagethe number of
successfully receivedITS messages in the vehicledasnpared with the total
number of disseminated message$his KPI is the sanas thepacket losg
ratio metric.

@ ICT4
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Table7: TEKP4- Position Accuracy

Title

TEKP#- Position Accuracy

Description

Deviation between the groundruth (actual position on earth) and th
measured position of a UE via RTK positioning services.

Where to measure

UE, Network

How to measure

In the corresponding UE/vehicle by comparing a iketwn position
(marked point on earth) to the positioretrieved from a GNSS (Glolk
Navigation Satellite System) including correction data by RTK.
measurement must be repeategthd averaged

The KPI will be measured under different conditions,, on different
locationswith either clear sky view dimited satellite visibility(rural and
urban environments).

Table8: TEKPb-Application Level Handover Success Rate

Title

TEKPbB-Application Level Handover Success Rate

Description

Applies to scenarios where an active application level session
communication between application client at UE/OBU and the Applicé
Server) needs to be transferred froancurrently usedo a new application
instance (e.g., locatedn different MEChosts) as a result of a crebsrder
mobility event. The KPI describes the ratio of successfully comp
application level handoverse., where service prasioning is correctly
resumedktontinuedat the new application instand®llowing anetwork leve
handover.

Where to measure

UE/OBU and/or Application Server / MEC Hosts

How to measure

On the UE side, the application level components will timestamp and Iq
successful communication interactions with the Application Server (subje
the speciicities of the corresponding scenayioSimilar timestamping an
logging at both the source and destination Application Servers shall com
the full picture of events prior, during and pesandover. Logged informatio
will include the identification oApplication Server instae¢ as well as use
identifiers. Synchronization between UEs/OBUs and Application Servg
required.

Table9: TEKP6-Mobility interruption time

Title

TEKPB-Mobility interruption time

Description

The time duration during which a user teinal cannot exchangeackets with
any base station (or other user terminal) during transitions. The mok
interruption time includes the time required to execute any radio acq
network procedure, radio resouec control signalling protocol, or othg
message exchanges between the mobile station and the radio a
network.

Where to measure

UE (Access points

How to measure

Measurement shall be primarily contacted on the involved UEs, taking
account theirlocal state with respect to theiassociation to the network
Access pointlogging support can be used to cressidate UE state
transitions. This KPI requires the synchronaabf UE and access points

@ ICT4
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Tablel0: TEKPY- Takeover/Vehicle level handover time gained

Title

TEKPT- TakeoverVehicle level handovetime gained

Description

Extra time gained for a takeover action by using ICTACART solutions cor
to available time when relying on vehicle sensors alone

Where to measure

UE (Access points)

How to measure

Measurement shall be primayilconducted on the involved UEs with the hg

of external observation. Based on the scenario the measurement can be

1 A vehicle user should measure the time for completing akhsi

manoeuvre with and without the ICT4CART infrastructure support.

1 The CAV system should measure the time difference between ¢

perception and handoveof the steering wheel to the drivewith and
without the ICTACART infrastructure.

Tablell: TEKP8-Map Matching successful ratio

Title

TEKPB- Map Matching successful ratio

Description

Successfully matched points over unsuccessfully or wrongly matched j
measured at the map matching frequency.

Where to measure

OBU/Vehicle

How to measure

The vehicle should follow a fixed track into the test site. For each exec
of a trial the system should log GNSS position and map matching po
output. Then, the position estimated by the map matching algoritkith be
checked poitrby-point and the KPI value is computed as:

0G0 & &

Comments The map matching could be implemented as online and/or offline
algorithm.£ isthe total number of points that are successfully match
on the map;¢ is the total number of points the map matchir
algorithm cannot match to any point on the map; is the number off
points that are wrongly matched on the map.

Tablel2: TEKP®- Driver comfort
Title TEKP®- Driver comfort
Description Speed profile, acceleration/deleration profile comparison h ICT4CAR

infrastructure support and with vehicle sensamly.

Where to measure

UE

How to measure

Measurement shall be primayilcontacted on the involved UEs. For ed
execution of a triglthe system should log the speed (acceleration/
decelerationprofile) for completing the given task/manoeuvre. Higher sps
or less acceleration/deceleration instancgsmpared to a benchmark profil
means a higher driver comfort.

Comments

For eachexaminedscenario a benchmark reference profile shall be defi
to be used as a referencéo(of time during the manoeuvre in which th
vehicle deceleration/acceleration is bwf the comfort zone + 2 m/s.

Example: the next traffic light wilecome soon red anthe vehicle has td
stop. Using the GLOSA the vehiclelddae stoppedand stayin the comfort
accekration/deceleration zone for 3% ofthe manoeuvre timé.

@ ICT4
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3.1 Use cases and target KPI values

The objective of the Technical Evaluation process is to assess the identified KPIs in the context of the
targeted UseCass (UCskand Scenari® (SCNs) wittarget KPI values.e., values that correspond to

the target performance of the network, as this adheteghe requirements okachSCNTablel13,

below presents the identified Target Values for a series of Technical Evaluation KPIs.

Table13: TEKPI Target Values per Use Case/Scenario (Part 1)

TE TEKP2 | TEKPB | TEKP#A | TE TE TE | TE TE
Scenario | KPI1 (ms) (%) (cm) KP6 | KPB | KPF | KPB | KPP
(ms) (%0 ©) (s) | () | (%)
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(@]
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_‘g (Ts 500 m copnditionys
— SCN2.2: Gb), from .
[ IAM with mass
3 DAVATRN| 55 200 ITSG5 | © ot
5 CTE) | enc RLSO%'” RTK
T y i
g r;:ggg_srt 99% for receiver
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© request
)
= 300
S (TS
5 G5) 75% for
c ’ ITSG5 .
2 30 (i(%OE) within of?] "
o (ITs 500m | o
= SCN2.3: GbH), IAM from with mass
o DAVACDV| 55 200 ITSG5 | © ot
= (LTE) RSU in
© ENC LoS RTK
> ’ H
A request 0 receiver
& 500AT | 99% for
) LTE
S request
= 350-400
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8 2@ \yMULM 25 pending
g o on
= © sensor

1 Note that SCN1.8PIoTULMill be evaluated through extended simulations described in Seétion
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TE TEKP2 | TEKPB TEKP# TE TE TE TE TE
Scenario | KPI1 (ms) (%) (cm) KP6 | KP6 | KPY | KPB | KPD
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2The reference point(s) for the location accuracy measurements are known with a location accuracy of 2cm. The
TEKPI4 value for SCN3.4 of 4cm includes the reference point(s) location inaccuracy.

3 During the preparation of the deliverable and due to theesded lockdown, the initial integration and testing

has been delayed and the consortium was not able to define a target value-#iP[BEor SCN4.1. This will take
place along T8.2 and the actual evaluation of the corresponding UC.

HICT4
CART 17



4 Impact Assessmennetrics

In the ICTACARDnNtext, it is intended to sketch a Proaff-Value (PoV) based on the outcomes of the
test sites operation. The impaassessment will first focus on thalidation of the proposed W
hence, it will assess the value of tHieT4CART solutions, paypagticular attention to the enduser.

As such, the impact analysis focuses on Quality of Life (QoL), Business impactstaieh fit
Analysis The objective of the impact assessmead in particularthe cost analysis and market
sustainabilityis to assess the poteiatl business and societal impacts of the systems and applications
demonstrated in theinvolved sites.rl the course of the project, anth T83 in particular, impact
assessment will be mostly realized as a qualitative analysis. Input will be collectdg thednigh
interviewsand questionnaires tend-users and stakeholdees well as aextensive literatire search
Additionally, T8.4will perform an assessmentf the costs and the benefits for the different
stakeholders.

Tablel4: Impact Assessment metrics

IA-M1- Increase/decrease of traffic (transport) flow: speed

Traffic efficiecy increases when utilizing ICT4CA&Uition compared to existing traffic, as spe
increases and as standard deviation of speed decreases. This ahetitibe assessed through G
and accelerometer data generated by trials, where applicable (apart from questionn
Additionally, expert interviews will enhance view on the traffic flow improvement. Traffic
speed will be turned to percentage imprement values.

IA-M2- Manoeuvrecompletion time

The total time it takes from when the examined manoeuvre is initiated until it has been comp
Egl flyS YSNHAY3 YIy2SdwNBE OFy 06S O2YL)X S

weather conditions, comfort aspects and safety requirements. This metric shall be assessed {
data from the OBU and or Application Server. Manoeuvre compldiine will be compared tg
traditional driving and findings are turned to percentage values of time savings.

IA-M3-Decrease of automation levéFalse positives)

This metric aims to capture the cases where the driver took back control of the vbhAese of
an unexpected safety issmeonitored by the system (existing or falsely triggeréiis is related tq
the comfort feeling of the driver. Objective aspects will be investigated e.g., automated d
Application Server/ OBU log data, in an effto crossvalidate the driver decision (wher
applicable) The expert interviews will be used to count the number of cases where the driver,
back control of the vehicle.

This metric can also capture false positiiethe sense that action have bedriggered due to ¢
false interpretationof traffic/road status by the ICT4CART infrastructure.

IA-M4 - Costsof infrastructure deployment

Wholelife infrastructure osts to operators (road and telecomfimplementation of the ICT4ACAR
systems will beestimated. Infrastructure costs will be analysed as a part of-beséfit studies in
T8.4. This metriavill be used for the analysf CostBenefitAnalysis of ICTZART technologig
implementation.

IA-M5- Revenuepotential for operators

@ ICT4
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There may benultiple operators, including infrastructure and service operators; each will wa
know the impact on themselves (financidevenue for main stakeholders will bstimated in the
context of T8.4

IA-M6 - Business cases maturity

Based on therest of the businesselated metrics the maturity of the business cases will
analysed by interviewing trial site experts and business experthdnconsortium. Here, the
maturity of the business will be estimated. It is critical to identify commercialization roles ar
the business model.

IA-M7 ¢ Market sustainability

The likelihood that the costs associated with deploying ICTACART solutidresafiirdable, cost
effective and lead to lonterm commercially sustainable propositions.
Market sustainability will be measuragingthree different netrics depending on the outcome
of the cost analysis:
T Cost/benefit ratio¢ Will the investmentprovide purchasers with an acceptable level
return over a defined timescale?
1 Benchmarking Does the level investment required broadly align with costs associated
established comparable investments?
T Alternative solution comparisog How does thedvel of investment compare with whg
purchasers would need to spend to gain equivalent benefits through different means
Operators (road network and telco) within ICT4CART will help set suitable metrics for each
on established investment decision nirags practices.
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5 Technical Evaluation Methodology

This section describes the technical performance evaluation methodology and the information to be

Gft 233SRE RAzZNAYy 3 (KS tioNSf thé KPIs ddefifed Beatior. Inofd foA y S G
computethetechnical KPl$ Yy dzY 6 SNJ 2F YSI adzNBYSy Ga 2dia NEWDISOK 3/yié
PoO) need to be taken. Here, we also diémcthe conept of PoO and identifpossible locations

within the ICT4CART architectural structue., the deployment of all components (mobile network,

ITS infrastructure, UEs/OBUs and appiaatrequiredto validate a SCN.

A Point ofObservation (BO), in the context of the project test methodology, is a specific point within
the architecture of thesystem, at which either an observation (measurement) is recorded or data is
injected.A PoO should combine all the technical solutions needed to g#titredata (measurements)

that have to be collected to later process aalculate the KPIs. At specific cases, a PoO should also
provide the capability of injecting traffic packets in the system under test to be #blset the
adequatescenario so that theelevant KPI can be computed out of the measurements taken.

After performing the measurementsn Extract, Transform and Loadries of actions take plate
convert the data into a suitable data form@ask 7.0f WP7. The formatted data will be prossed
accordinglyand the output will be the calculated KPIs.

Finally, the data processing stepnsists of taking the formatted data and applying a set of filtering
and processing calculations to finally obtain the RPIs@ | Tthida8ilbe done using aprocessing
tools and scriptinganguages

There are wo basic layers/options where theapturing of theevaluationmeasurementgintroduction
of a PoO) can take place: THeS stationgvehiclesOBU RSUs, connected sensors, connected traffic
lights, etc.) and théTS applicatiortentre/server(OEM Backend, Service providdiEC servéyetc.).

The PoOs will be located at relevant communication interfaces. In terms of communications, there are
two relevant communication channels where interfaces to be observed and/or data injected can be
located

9 ITS station to ITS app communication chanaet/or

9 ITS station to ITS station communication channel.

For the purpose of the ICT4ACART evaluation proesssy type of ITS message (i.e., CAM, DENM,
CPM, SPATEM, MAPEM, etgent or received via \Kshall beappropriatdy loggedto enablethe
Extract, Transform and Load series of actioentioned above.

The minimum data to be collected is:

9 Timestamp It shall be set t@ precise absolute time obtained by the GNSS component of ITS
station or the network. If the precise absolute time is not available a method to compensate
the drift shall be investigated.

1 Precise locationProvided by reference navigatiopstens, ITS messages (from messages that

contain location information), or any other rtteod.

Identity of the ITS stationlog of the StationID field used inlICS messages

Direction of communicationUplink(UL)or Downlink (DL).

CGITS message typdype of the loggedGITS messagé.e., CAM, DENM, CPM, SPATEM,
MAPEM|JVIM,etc.).

=a =4 =

4 The MEC Server is lated behind the mobile network, connected to it via the GSi interface to the BGW
can be considered ame instance of an application server
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5.1 SCNbased technical KPIs evaluation

The evaluation process of each ICTACART SCN (presenfed.ljnheavily depends on the
characteristics of the SCN primarily demonstrated by the different traffic flow types invokeeach
SCN maype composel of multiple traffic flow types with different requirements and chatexistics.
We shed light on these aspects by employing the following two template tables.

Tablels, is used for the definition of the various traffic flow typ@d-T)dentified in each of the SCNs
(fields seHexplanatory).Based on the traffic flow type definition, we present the data collection
specificities identified for each selected KPI on a®EN and per traffic flow type basisable 16,
provides an explanation of the selected data collection methodology aspects.

Tablel5: SCNrrafficFlow Type Template
SCN TFT name Description UL/DL

Tablel6: Per SCN TEPI Traffic Flow Typdemplate

TEKPI Selected KPI, as defined in Section 3.
: The trafficflow type at hand, agreviously identifiedSubject toSCNspecificities,
Traffic Flow | . 51l flow types may be subject to the corresponding KPI evaluation.
PO The selectedPoint of Observationfor this KPI and flove.g., OBU, gNB, ME
Application Serveletc.
Protoml employed at the selected®, MPEADASH, and &gal network layer
1 Transport: TCP, UDP, etc
Protocol/Layer 1 Network: P, etc
91 Application:CAM, DENM, CPM, SPATEM, MAPEM, etc
Logging The frequency of data logging: can follow the application message rdtgbing
Frequency all exchanged traffic, or indicate a lower sampling rate.
Logging De_scripe here the logging informa}tion you use for the measurement of the
Information Indicative examples can be found in Section 5.

For some KPIs (e.g.,-KPI4 PositionAccuracy, there are no specific traffic flows to be measured. For
those KPIs where the metric is only a punctual measuremerg.gf, theposition provided by two
different positioning systemsdhere will be no flows to be definefl.e., the Traffic flonentry should
0S alkil GA Okt dzy Ol dzand thercBrrespdablidiy P&/l eda singular point (e.g., an
ITS station).

Tablel7: ICTACARSCNIrafficFlow Types
SCN TFT name Description UL/DL

1.2 Smart Parking The Smart Parking traffic flow starts with informaticor { UL/DL
TrafficFlow | availability of free slots which are sent to the clo
infrastructure. From the cloud infrastructure, a specific pg
of interest ITS message is created and sent to the ve
throughan AMQPBroker. The vehicle receives the messa

5 SCN1.BPIloTULMIll be only evaluated through simulations.

HICT4
CART 21


https://ict4cart.eu/assets/deliverables/ICT4CART_D2.1_Specification-of-Use-Cases_v1.0_final.pdf

containing the digital map of the area and map match ity
on the digital map using the GNSS data.

2.1,4.1 Infrastructure | This traffic flow starts with thetorage of the data set in th{ DL
Automation | backend system of the road operator, for the correspond
Level road section this information is then provided to the-ICS
Guidance system which creates an IVI message; theniégsageis
Traffic Flow | published on the AMQP broker and broadcasted by
relevant RSUs; the OBU receives the message (wa3]
and/or AMQP) and provides the Automation Level Guida
to the ADAS module.
21,41 Infrastructure | This traffic flow starts with the storage of the data setin{ DL
Hazardous backend system of the road operator, for the correspond
Location traffic event this information is then provided to the-ITS
Notification | system which creates@RENmMessage; th® ENMs published
TrafficFlow | on the AMQP broker and broadcasted by the relevant RS
the OBU receives the message (viaGBsand/or AMQP) an
provides the Hazardous Location Notification to the AL
module.
2.2,2.3, | Collective This traffic flow startswith data from camera and LiDA DL
3.1b, 3.3 | Perception sensors, attached to the Perception Processing Platform
Traffic Flow | processes the raw data for extracting percepti
information; this processed information is then provided
the Collective Perception Service for building thélgttive
Perception Messages (CPM) that are transmitted to the (
of the Connected and Automated Vehicles; the OBU extr
relevant information from CPM and it provides this data
the ADAS module.
2.2,2.3, | Collision This traffic flow starts with data from camera and LiD DL
3.1b, 3.3 | Warning sensors attached to the Perception Processing Platform
Traffic Flow | processes the raw data for extracting percepti
information; this information is then provided to the An
Collision service that, if reiped, sends a DENM to the OE
of the Connected and Automated Vehicles; the OBU extr
the warning information from the DENM and it provides t
collision risk warning to the ADAS module.
2.2,2.3, |Identity and| This traffic flow starts with the request of a certificate frg UL/DL
3.1b, 3.3 | Access OBU/RSU to the ldentity and Access Management ce
Management | that processes the request and replies to the OBU/RSU
(IAM) Traffic| the contentcorrespondingo the request.
Flow
3.1a Collective This traffic flow starts with data from camera and LiQ DL
Perception sensors which is then processedy attached Senso
Traffic Flow in ProcessingUnits in order to generate object detection:s
Ulm test site | These detections are sent via cellular networkadVEC
server, on which a Collective Perception Service calcula
fused Environment Perception Model (EPM) via ob
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tracking.Additionally, predictions of this EPM are calculat
The EPM and its predictions can then be encoded
Collective Perceptio Messages (CPM) extensions of that
standard. These messages are transmitted either directly
LTEBG network to the OBU of the Connected ar
Automated Vehicles or indirectly, in which case th
messages are first sent via cellular network to R&hish
then forward them via IT&5 to the vehicle OBUs.

3.2 Green Light | This traffic flow starts with feedback from the controllg UL/DL
Optimized about the state of the traffic light and the position of tk
Speed Advice vehicle. ThelTM Center sends theP&T and MAPmessages
(GLOSA) to the TLA application server, installed on MEC, to pro
Traffic Flow | the optimized speed and send it to the vehicle (1
application client) via th& TE5SGmobile network. Then the
anonymized BStraces are recorded and seto the center
to provide the acceleration graph.
Tablel8: SCN1.2 FEPI8mart parking traffic flovdetails
TEKPI TEKPI8
Traffic Flow Smart parking traffic flow of SCN 1.2
PoO OBU for the source application and OBUthe destination application
Protocol employed
Protocol/Layer 1 Network and Transport: TS5 _stack (BTP and GeoNetworkng)TE/5G
and AMQP for MEBased solution
1 Application:ETSI P@Point of Interest)
Logging Logging each messageceived, depending on the periodicity of the sout
Frequency application, maximum frequency 10 Hz.
At the source application:
Logging 1 ETSI POl messages sent
Information At the destination application:
i ETSI POI messages received

Tablel9: SCR.1 & SCN4.TEKP? infrastructure automation levelgjdanceand infrastructure

hazardous locationatification flow details

TEKPI TEKPI2
Traffic Flow Infrastructure Automation Leyel Guidgncg Traffic _Flow of SCNs 2.1, 4.1
Infrastructure Hazardoulsocation Notification Traffic Flow of SCNs 2.1, 4.1
PO Road operator backnd server for the source application and OBU for the
destination application
Protocols employed:
Protocol/Layer 1 Network anq Transport: TS5 stack (BTP and GeoNe_tworking)RﬁiL—J
based solutiorr LTE/5G and AMQP for MiB@sed solution
1 Application: IVIM, DENM
Logging Logging is done for every uniqgue message IDs for the first reception (messal
Frequency repetitions by IT$5 design are ignored).
Logging At the source application:
Information i Timestamp at the source application when the data is persisted
SICT4
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At the destination application:
1 Timestamp at the destination application when théTS message is
processed

Table20: SCN2.1 & SCN4.1-KBI3nfrastructure automation level guidance and infrastructure

hazardous location notification flow details

TEKPI TEKPI3
Traffic Elow Infrastructure Automation Level Guidance Traffic Flow of SCNs 2.1, 4.1
Infrastructure Hazardous Location Notificatibraffic Flow of SCNs 2.1, 4.1
PO Road operator backnd server for the source application and OBU for the
destination application
Protocols employed:
Protocol/Laver 1 Network and Transport: ITS5 stack (BTP and GeoNetworking) for-RS
y based solutiorr LTE/5G and AMQP for MiB@sed solution
9 Application: IVIM, DENM
Logging Logging is done for every uniqgue message IDs for the first reception (messal
Frequency repetitions by IT$5 design are ignored).
At the source application:
: 1 Timestamp at the source application when the data is persisted
Logging - L
Information At the destination application:
1 Timestamp at the destination application when th¢TS message is
processed
Table21: SCN2.1 & SCN4.1-KEISnfrastructure hazardous location notification flow details
TEKPI TEKPI5
Traffic Flow Infrastructure Hazardous Location Notification Traffic Flow of SCNs 2.1, 4.1
PO Road operator backnd server for the source application and OBU for the
destination application
Protocols employed:
1 Network and Transport: ITS5 stack (BTP and GeoNetworking) for R
Protocol/Layer based solutiorr LTE/5G and AMQP for MiB&@sed solution
1 Application: DENM
Logging is done for every uniqueessage IDs for the first reception (messa
repetitions by ITS55 design are ignored). Several tests will be done to capturg
Logi handover scenarios
F?ggl:r;%c 1 LTE/5G to LTE/SG (HGS receiver disabled)
9 y 1 ITSG5 to ITSS5 (cellular receiver disabled)
I LTE/5G to I'FT&50r vice versa (roaming disabled)
I LTE/5G and ITS5or vice versavith roaming
At the source application:
: 1 Timestamp at the source application when the data is persisted
Logging L o
Information At the destination application:
I Timestamp and precise locationtae destination application when the
CITS message is processed
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Table22: SCN2.1 & SCN4.1-KEl6nfrastructure hazardous location notification flow details

TEKPI TEKPI6
Traffic Flow Infrastructure Hazardous LocatidNotification Traffic Flow of SCNs 2.1, 4.1
PO Roaq operator b_ac-gnd server for the source application and OBU for the
destination application
Protocols employed:
1 Network and Transport: ITS5 stack (BTP and GeoNetworking) for-RS
Protocol/Layer basedsolution- LTE/5G and AMQP for MiB@sed solution
91 Application: DENM
Logging is done for every unique message ID for the first reception (me
repetitions by IT$5 design are ignored). Several tests will be done to captur
: mobility interruption time in different communication channel combinations
t?gg&g%cy 1 LTE/5G only (ITS5 receiver disabled)
1 ITSG5 only (cellular receiver disabled)
1 LTE/5G and I'¥S5 without roaming
I LTE/5G and ITS5 with roaming
At the sourceapplication:
i Timestamp at the source application when the data is persisted
At the destination application:
I Timestamp and precise location at the destination application when
CITS message is processed
Logging
Information WINDTRE (the telecom operator at the lItaliaides of the crossborder test site)

can also offer the ERAB-(HRAN Radio Access Bearer) correlated to
registration errorsand the average number of ERAB users active in a given (
willalsoo S LI2&aaAofS (2 dzaS GKSEANE 2NN
levelisconcerred; whichallowsan indirectevaluaton ofthe Mobility Interruption
Time.

Table23: SCN2.1 & SCN4.1-KEl7infrastructure hazardous l@tion notification flow details

TEKPI TEKPI7
Traffic Flow Infrastructure Hazardous Location Notification Traffic Flow of SCNs 2.1, 4.1
PO Road operator backnd server for the source application and OBU for the
destination application
Protocol employed:
1 Network and Transport: [TS5stack (BTP and GeoNetworking) for RS
Protocolilayer based solutior LTE/5G and AMQP for MiB&@sed solution
1 Application: DENM
i Video and Radar Signals and computing
i Ukinterface
Every event on the test track.

. Logging is done for every unique message ID for the first reception (me
Logging . . : . . . .
Frequency repetitions by ITE5 _deS|gn are !gnor_ed)vhlch contains releva_mt information fg

each scenario. The internal notification from the Radar or Video for the scer
has to be loged. Calculate the time difference between the detections
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notifications for each event.

Logging
Information

Length of time elapsed:
1 Time between event reception and driver notification (only (
perception)
1 Time between event reception and driveotification (with ICTACART)

Table24: SCN2.25CN2.3, SCN3.2bSCN3.3 FEPI1,TEKPI2 & TEKPI3collective perceptionflow

details
TEKPI TEKPI1, TKPI2, TKPI3
Traffic Flow Collective Perception Traffic Flow of SCNs22,3.1b, 3.3
PoO RSU/MEC for the source application and OBU for the destination applicatior
Protocol employed
Protocol/Laver 1 Network and Transport: ITS5 stack (BTP and GeoNetwiad§ for RSU
y based solutiorr LTE/5G and AMQP for MiB@sed solution
1 Application:CPM
Logging Logging at each CPM received, maximum frequency 10 Hz.
Frequency
At the source application:
i Timestamp at the source application when data are made available;
T CPM message sent;
Logging At the destination application:
Information i timestamp at the destination application wheRlITS messages are

processed;
1 CPM message received,;
In both PoOs mandatory logging information defined in Section 5.

Table25: SCN2.2, SCN2.3, SCN3.1b & SCNXPIMETKPI2 & TERS collisionwarningflow

details
TEKPI TEKPI1, TKPI2, TKPI3
Traffic Flow Collision Warning Traffic Flaa¥ SCNs 2.2, 2.3, 3.1b, 3.3
PoO RSU/MEC for the source application and OBU for the destination applicatior]
Protocol employed
Protocol/Laver 1 Network and Transport: ITS5 stack (BTP and GeoNetworkng) for-RS
y based solutiorr LTE/5G and AMQP for MiB@sed solution
1 Application.DENM
Logging Logging at each DENM received, depending on the periodicity of the source
Frequency application, maximunfrequency 10 Hz.
At the source application:
1 Timestamp at the source application when data are made available;
Logging 1 DENM message sent;
Information At the destination application:
9 timestamp at the destination application wherlTS messages are
processed;
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1 DENM message received,;
In both PoOs mandatory logging information defined in Section 5.

Table26: SCN2

.2, SCN2.3, SCN3.1b & SCNXPHentity andaccessmanagementlow details

TEKPI

TEKPP

Traffic Flow Identity and Access Managemehtaffic Flowof SCNs 2.2, 2.3, 3.1b, 3.3
PO Identity and Access Management (IAM) servioethe source application anat
the OBU/RSU side.
1 Transport: TCP
Protocol/Layer 1 Network: IP
1 Application:HTTP
Logging . -
Frequency Logging at each certificate request performed by the OBU/RSU.
At the source applicatiofi.e., the Identity and Access Management service)
1 Timedamps at the source applicatiomhen the certificate request (from
an OBU/RSU) is receivadd delivey of the response is performed;
Logging 1 Type of the certificate requested,
Information At the OBU/RSU side

I Timestampsat the destination application when certificate is received
1 Type of the certificate requested,
In both OBU/RSU PoOs mandatory logging infomnatiefined in Section 5.

Table27: SCN3ATEKPIIcollective perception traffidéw in Ulm test sitaletails

TEKPI TEKPI1
. Collective Perception Traffic FlamwUIm test sitdfor SCN 3.1a (RSU/MEB@rver
Traffic Flow
to OBU)
PoO OBU
Protocols employed for LTE/5G:
9 Network and Transport: TCP/IP
91 Application: CPM + possible extensions, maybe SPATEM/MAPTEM
Protocol/Layer
Protocols employed for ITS5:
1 Network and Transport: ITS5 stack (BTP and GeoNetworking)
91 Application: CPM possible extensions, maybe SPATEM/MAPTEM
Iﬁ?gc?ilr;%cy Same frequency as messages are rece{{oH?
Logging [FGSyOe 2F 02YYdzyAOlFGA2Yy FNRY a9/
Information LTE/5G or IFS5.
Table28: SCN3.A TEKPIZcollective perception traffic flow in Ulm test site details
TEKPI TEKPI2
Traffic Flow Collective Perception Traffic Flow in Ulm test site for SCN 3.1a
PoO OBU
Protocols employed for LTE/5G:
Protocol/Layer 1 Network and Transporif CP/IP
1 Application:
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0 Sensors to MEGerver: proprietary
0 MEGServer to RSU/OBIGPM + possible extensions, maybe
SPATEM/MAPTEM

Protocols employed for ITS5:
1 Network and Transport: TS5 stack (BTP and GeoNetworking)
91 Application:CPM + possible extensions, maygiRATEM/MAPTEM

t?gg:é%cy Same frequency as messages are rece{{o#i2
Total application latency, measured from timestamp of oldest correspon
Logain sensor measurement to time of retrievallindzii 2 Y § SR @S KA Of
Infg?ma?tion includes time for sensor data processing, transmission via cellular network tg
server, synchronization delays at the MEC server, time for calculation of the
on the MEC server and finally the network delay (catlahd ITS55).
Table29: SCN3.2 TEPI9GLOSA traffiddw details
TEKPI TEKPI9
Traffic Flow GLOSA Traffic Flow SCN 3.2
PO TLA application for the source application and TM Centre for the destin
application
Protocol employed
91 Network:IP
Protocol/Layer § Transport: TCP
1 Application:SPATEM/MAPEM
Logging Logging at each speed recorded, maximum frequency 1 Hz
Frequency
At the source application:
9 Timestamp at the source application when vehgpeed is processed
Logging 1 GPStraces
Information 1 Messages sent to the TM Centre
At the destination application:
1 Messages received from TM Centre
Table30: SCN3.4 FEPI4 details
TEKPI TEKPI4
Traffic Flow N/A ¢ no traffic flow is evaluated
PO MEC for the source application to distribute RTK correction information and
for the destination application to use RTK correction information
1 Protocol employedNtrip (RTCM 3.2)
Network and Transporfrom MECServer (NtripCaster) totGNSS
Protocol/Layer Receiver
1 Protocol employedNMEAQ0183
Network and Transporfrom GNS3Receiver to application
F?S(?&Z?\cy Single measuremenin different times of the year.
Logging Awell-known positionP (marked point on earth) is given. A positiBrs identified
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Information

by its North/South coordinat&lS, its East/West coordinatEW, and height ovet
sealevelHp. At the wellknown positionP, the coordinate$krkare measured with
RTK, and EKPI4 ighe deviation of Prrkfrom Pis determined.

Note that the measurements will be conducted at different times over the yed
weather conditions, ionospheric activity, and satellite positions determine
measurement accuracy.
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6 Generalization methodology

Due to the size of the demonstrations and the nature of the majority of the KPIs presented in this
document,some of thencannot be directly obtained froractual SCN demos at the different involved
sites. As suchadditional methods need to be implemented to obtain a deep evaluation of the
performance othe ITSSCNs involved in ICT4ACARfTree alternatives are proposed to cope with this
objective: i) stress the network by traffic injection to obtain the maximunfgenance the network

is able to offer: ii) inject traffic in thnetwork to set the network itraffic conditions equivalent to the

real condtions expected in the SCNeveloped (i.e.with a realistic number of users, etc.) and iii)
perform simulationsqutside of the network) to analyse the behaviour of the network under different
mobility and data transfer scenarios.

To test and measure the performance of the ICT4CART architecture instances at each site with just a
few vehiclesandtraffic sessiosusing few OBURSUsghobile terminals do not represent a significant
result, because these tests are more realistic when more terminal nodes stress the network and when
these mobile terminals perform multiple sessions. Aiming to simulate real traffic by awjiav
massive traffic test, and, therefore, getting statistical relevance out of these tESTRICART will
implement traffic generatiorschemes where applicable

The first step imetwork traffic generation is understanding theetwork traffic behaviour such as
packet frequency, packet size,amyother features. The identification of relevant parameters enables
the traffic source modelling characterization, and the creation of procedures capable to replicate the
previoudy observed and modelled ré&raffic.

This approach allows, in a second step, the dgwalent of an OBU/RSU that mimics the observed
traffic (that can be modelled), such CAM or CPM messages, formpdxaThese OBUs can stress the
network by injecting other synthetic vehicl€Hata traffic that can access the network in parallel. This
approach provides a more realistic test, since other vehiclesKO&ld competing for thesame
network resourcesOne more advantage of using this approach is the process governance capability,
since it igledicated to testing proposes. The process cabditéer controlled according to a given test
plan,since itcan becontrolledmanually, geographic or timely. Another important advantageeisg
ableto easily increase the number of OBUSs, enabling, tiimngecloseto, the massive test approach.

The main idea of this concept is to push each network component to the physical limits enabling
Ydzft GALIX S GNIFFAO aSaarzy Fft2gasx FAYAy3a G2 RNRGS
allows theevaluation of the network performance on some SCNs without the need of using a real fleet

of vehicles.

A crucial parameter in ICT4CART is the potential betawiothe network once a large number of
vehicles employs theorresponding SCN applicaticc@sidered in the project. Given the lack of such

a large vehicle population, the project foresees a generalization methodology based on simulations.
The purpose of this effort is to yield a fully controlled environment able to investigate the impact of
larger vehicle populations on the application and network behaviour. This is expected to provide
several benefits in what concerns thempleteness of the evaluatigerocess, namely:

1 The total traffic generated within the simulation environnteran be controltd, which will
enable the investigation of theetwork behaviorin variable load conditionsithout physically
repeating the demo

1 The completeness of the evaluation, in terms of covered scenarios/events, can be
substantially inproved covering aspects sh as vehicle density, possible different weather
conditions, etc
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In ICT4CART a Ridailing Simulator developed by BMW will be used for the performance evaluation
of SCN1.1 SPloTUlavd other simulation platforms will be used if needed for the evaluatibthe
rest of the SCNS he technical details of the simulator can barfd inAnnex 4
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7 Impact Assessmentlethodology

In thissection we shortly introducethe methodology for the Quality of Life (Qal-Yser acceptance
of the ICTACARfhat will be conducted irthe course ofT8.3 of the project The procedure and
recommendaions of FESTPAandbookwill be a sarting point for the methodologies but the approach
is adapted based orhe scope and scale of the planned demos/trials

The aimof the QoL assessmeit to identify potential impact mechanisms leading to the different
areas related to (societaoL Due to the scope of the trials and the focus on technical evaluation,
the impact assessment will be carried out on a high level, and will focus on qualitative regalt$ing
metricslA-M1 to IAM4 presented in Sectiod. The work will be carried out as expert assessrabmt
the consortium partners. Data fronhé trials and technicatvaluation will be used if available and
feasible. Other data sources include stakleleo interviews and literature.

The main objective of th@olLevaluation is to study the impacts of the examined use cases on traffic
flow, efficiency, environment, etc. In addition, tirpacts on traffic safety are also bigh interest,
although not as main topic.

All the impacts are mediated through changes in behaviour, mostly either driving behaviour or
traveling behaviour. In order to assess the impacts of the examisedcases behavioural data need

to be collectedo sonme extert. Here we describe typical study designs on how to collect such data in

a suitable way for impact assessment. Upscaling of available data is also used in order to assess the
impacts in e.g.EC level.

An overview of the state of the art of the impacts of the examdinuse cases will be made to start
with. In this review, special attention will be paid to the results of the ongoing and finisheddeU
largescale trialson ITS that incorporate hybrid communication systems. Hence, the impact
assessment will be strongbuilt on this existing knoledge, since no largecale demos and triare

to be conducted inthe scope of ICT4ACART

More specifically, carefully selected smaltsof the exact measures used in the earltgals will be
applied to scale up the impactd tCTACARise cases with the most recent existing knowledge.
Consequently, limited and carefully selected datasetsuch as smalcale user data and expert
assessmentg are to be ctlected during the testingt each test site, and will be efficientlyilised in
impact assessment.

To complete the impact assessment data from the earlier studiedQRdCARTse cases impacts on
efficiency and environment will be mainly assessed with hexistingsimulation modelsThe safety

impact evaluation will b strongly butl on existing data, existing scaling up tools, such as-6RIC
(European Risk Calculation tool) to scale up the safety impacts, and the selected user behaviour data
collected during the tests. All other impacts are mediated through chaimgbshaviour (seéigure

1). All three categories or hierarchical levels of driver decision making and behaviour: strategic
decisions, tactical decigis and operational decisions are to be taken into account when relevant.

6 https://connectedautomateddriving.eu/wgontent/uploads/2019/01/FES FHandbookVersior7.pdf
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Travel behaviour

Speed
Intention to use Position
Strategic —
level Willignessto pay Interaction

Focus on others

Driving behaviour

Focus on road

Driver behaviour Focus of attention

Tactical

level Workload
Use of systems / patterns
User acceptance User interface
: Steering wheel use SeNiS)!
Operational
level Pedalsuse

Use of systems / use patterns

Figurel: Impacts are mediated through changes in driver, or traveller behaviour

Since ICT4CARThot conducting any long term naturalistic experiments, the behavioural changes of
individual users will be mainly collected by using subjective measures, i.e. users (drivers and travellers)
reporting themselves how they have (or would be willing) tarde their behaviour due to
implementation of the examined use cases in their own travelling context. When possible, the FESTA
methodology will be utilised, but not anyhow in the extent it is utilised in real Field Operational Tests.

Several study desigmsn be applied to collect the data on use c&@®mpacts on traveller behaviour

and hence safety, efficiency, environment, etc. Subjective data can be collected by methods such as
travel diaries, interviews, questionnaires, expert assessment and works@dpsctive data can be
collected by e.g., travel time measures, driving behaviour related measures (logging vehicle data). To
study the inpacts, test persons from the tesites will be recruited to use the functiaieemponents

in a real context when podse. In practice, several types of user data will be collected from small
scale behaviour monitoring to subjective user data.

Based on the detailed research question, and related hypotheses, the actual impact evaluation data
collection is done before, durgy and after any kind of experience the udad with the application

and the use case. The experience can be fitwightest to the most extensive experience, depending

on the deployment of the system in each site:

1 A description of the system
1 A demonstation of the system, e.gareal prototype
9 Testing the system iapre-selected task/route
1 Obtainthe system for permanent use over a certain per{odt very possible regarding the
ICT4CART Use Cases)
Anyhow, it is important tacollect and comparéhe data with and without the system in order to be
able to see what the real impacts are.
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Especially in safety impact assessment, it is important that the impacts are considered not only to the
user of a system, but in the larger scale, taking into accallitihe impact mechanisms of ITShe list
of mechanisms is as follows:

Direct incar maodification of the driving task

Direct influence by roadside systems

Indirect modification of user behaviour

Indirect modification of noruser behaviour

Modification of interaction between users and narser,

Modification of road user exposure

Modification of modal choice

Modification of route choicp

Modification of accident consequences.

The first five bullepointsdeal with accident risk. The related measures are: Speed, Proximity, Position,
Interaction, Use of signals, Driver condition, Attention. The following assumptions were made:

= =4 =4 =4 -4 =8 -8 -8 9

Safety increases as speed decreases

Safety increases as standard deviation efespdecreases

Safety increases as number of jerks decreases

Safety increases as lateral position is more stable

Safety increases as vulnerable road users are taken into consideration
Safety increases as signals are used correctly

Safety increases asider condition is not deteriorated

Safety increases as focus of attention is allocated correctly.

<<LK<LK<LKLKLKLK KL

The next three bullepointsare related to exposure. Accordingly, the related research questions are
(1) Time spent on road2) Mode chosen for the journey3) Timing of the journeyand (4) Road type
used. Finally, the last bullgtoint deals with accident consequences. It was assumed that the
consequences would be more severe as speed incsease

Impact assessment tools

Impact evaluation is carried out with two kinds of data. On the one hand, objective data is collected
from testing demonstrations. The tools for collecting such data are the same like the tools used for
technical evaluation and are described in the respectiiapters above. On the other hand, impact
evaluation is carried out based on subjective data collected, where a specific focus willthe
guestionnaires and interviews on impact related questions.

In order to assess user acceptance and impmeteltestablished set of scales and queastiaires are
presented inAnnex 1 Annex Zand Annex 3

7 Kulmala (2010). Eante assessment of the safety atfe of intelligent transport systems. Accident Analysis and
Prevention 42 (2010), p. 1359369
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8 Cost analysis and market sustainability methodology

This section presents the methodology for teest analysis and market sustainability assessrieait
will be conducted ifT8.4

Alongsidel. / ¢ n / techric&l dolutiorg, both its technical componentandthe overall architecture

¢ it is important to assess the commercial implications and viability of what is being propbsied.
will help the consortiunreacha conclusion on the market likelihood and sustainability of ICTACART
solutions.

The main objectives of T8.4 are:
1 To estim#e the costs of deploying the ICTACART technical solution(s) at scale
1 To determine the likelihood that the ICT4CART solution(s) will be commercially viable and
sustainable

8.1 Approach

The approacho T8.4 has been divided into two stdisks aligned to théwo stated objectives.

Subtask 8.4.1 Cost Analyssteps are:
1. Define boundary of ICT4ACART solution(s)
Develop initial cost model
Refine cost model through engagement with technology partners
Populate cost model
Apply cost model to scenarios
Analysecosts, e.g. main variables, likely variations across the suppliers and geographies

oA wWN

Subtask 8.4.2 Market Sustainability Assessmesteps are:
1. Determine measures of sustainabilitselecting one or more of the followindepending on
the outcomes of the cst analysis:

1 Cost/benefit ratiog Will the investment provide purchasers with an acceptable level
of return over a defined timescald@ependent on Task 8.3 Impact Assessment)

1 Benchmarkingg Does the level investment required broadly align with costs
assotated with established comparable investments?

9 Alternative solution comparisog How does the level of investment compare with
what purchasers would need to spend to gain equivalent benefits through different
means?

2. Outline potential service models to gas deployment costs (from Task 9.5 Innovative
Business Models)

3. Evaluate service models

4. Assessnarket sustainability of ICTACART solutions

5. Write report

The approach to Task 8.4 and the nature of the final deliverables are significantly dependent on the
extent and accuracy of the cost information input that project partners are able and willing to
provide, which will determine whether the modelling can:

1 Be undertaken at a component level or based on aggregated costs of deployment

1 Be based on piladeployments, scenarios more generally or broader deployment scenarios

1 Address supporting CAV service and vehicle technology costs as well as those for the
infrastructure costs
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1 Address endo-end deployments of generic, joined up CAV solutions or be linhitegecific
ICT4CART and/or proprietary supplier solutions.

9 Conclusions

This document (D8.1) sets the ground for tHeT4CAR®Evaluation activities by defining the
corresponding methodologies involved in all considered evaluation fronts, namely, thmidaic

Evaluation, Impact Assessmergnd Cost Analysis andMarket Sustainability In doing so, the

deliverable specifies the evaluatidtPIls and metricsand the corresponding technical means to

achieve them. This includes the identification of thequired evaluation data and the related
methodologies for their collection and processifthe technical performance evaluation thought

actual demos on the ICTACART test sites will take place in T8.2 and will be reported gradually in D8.2

' YR bG5Techrwal évaluatios FANERG YR FAYLFE GSNEA2Y 00X oKSNBI &
analysis will be part of the work that will take place in T8.3 and T8.4 and will be reported in D8.4
dmpact assessmeéit | Y RCdstyAdajysisd | OO02 NRA Yy If & @
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Annex 1 : User Acceptance Scale Example

The user acceptance is a crucial requirement for any new system. Acceptance as defined for the User
Acceptance Scale is a concept based on the perception on usefulness and satisfaction.

Proposed tool

Subjects aranstructed to tick a box on each of the scales below of the following questionnaire
indicating the extent to which the stated attributes are applicable with respect to the system under
evaluation.

User Acceptance Scale Indicative Example:

My judgementsof the system are ... (tick one box in every line)

1 Useful ccccc Useless

2 Pleasant ccccece Unpleasant

3 Bad ccccc Good

4 Nice ccccece Annoying

5 Effective ccccece Superfluous
6 Irritating ccccece Likeable

7 Assisting ccccece Worthless

8 Undesirable ccccc Desirable

9 Raising alertness ccccc Sleepinducing

Figure2: User acceptance scale example

Using the User Acceptance scale is easy:

1 The test leader should describe the system to be evaluated in terms of ‘what is your
judgementl 6 2dzi | aeadasSy GKFd ¢2dAZ RXKQ 6&aK2NI 39
functioning) and present the nine items (befameeasurement).

T ! TGSNI SELISNASYyO0Sa ¢A0GK (G(KS aeaidsSy dzyRSNI SglI t d
is your judgement about the sysSYX oyl YSOKQX WwWe2dz 2dzal- FTAYAAL
measurement).

9 The results of those two judgements will be compared.
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Annex 2 : User Experience Questionnaire Example

Method of investigation:

L GGNI US5SAFTFu A& Fy AyadNHzY$ yireradticeplodids! \iittizMa helg K S

of pairs of opposite adjectives, users (or potential users) can indicate their perception of the product.
These adjectivairs make a collation of the evaluation dimensions possible.

The following product dimensionseaevaluated:

Pragmatic Quality (PQ):
Describes the usability of a product and indicates how successfully users are in achieving their goals
using the product.

Hedonic quality- Stimulation (HQS):

Mankind has an inherent need to develop and move forwatds dimension indicates to what extent
the product can support those needs in terms of novel, interesting, and stimulating functions,
contents, and interactionand presentatiorstyles.

Hedonic Quality Identity (HQH):
Indicates to what extent theroduct allows the user to identify with it.

Attractiveness (ATT):
Describes a global value of the product based on the quality perception.
For more detailed information refer to the websitettp://attra kdiff.de/indexen.html|
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The AttrakDiff semantic differential example:

human
isolating
pleasant
inventive
simple
professional
ugly

practical
likeable
cumbersome
stylish
predictable
cheap
alienating
brings me closer to people
unpresentable
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unimaginative
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confusing
repelling
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innovative
dull

undemanding
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technical

connective
unpleasant
conventional
complicated
unprofessional
attractive
impractical
disagreeable
straightforward
tacky
unpredictable
premium
integrating
separates me from people
presentable
inviting
creative

bad

clearly structured
appealing
cautious
conservative
captivating

challenging

Figure3: AttrakDiff scale for joy of use evaluation example
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Annex 3 : Testing Usability Questionnaire Example

In order to test the usability of thapplications and HMI it is recommended to use a standardised
guestionnaire. Usability tests should be seen also as a valid source for optimisation of the product in
following development cycles.

Definition of concept R
Usability is defined as 1t K S SwhictSaypinduct an be used by specified users to achieve specified
32K fa gAUK STFTSOUAOBSYSaasz STTAOASKOS24M1y1B98)a | G A aTFI

The terms effectiveness, efficiency and satisfaction are defined as follows:
1 EffectivenessAccuracy and completeness with which users achieve specified goals.
9 Efficiency resources expended in relation to the accuracy and completeness with which users
achieve goals.
1 Satisfaction Freedom from discomfort and positive attitudes tawa the use of the product.

Proposed tool

It is proposed to assess usability with the System UgaBitale (SUSWwhich provides a reliable, low

O02aiG dG22f GKIFG OFry 0S8 dzaSR T2N) It26lf |aasaay
https://www.usability.gov/is recommended. The SUS is applied after a user has used a system, but
before any discussion and debriefing. Subjects are asked to respond immediately, rather than thinking

for long. The figure belowresents a System Usability Scale indicative example.

8 Brooke, J. (1996) SUS: a "quick and dirty" usability scale. In P. W. Jordan, B. Thomas, B. A. Weerdmeester & A.
L. McClelland (eds.) Usability Evaluatiomufutry. London: Taylor and Francis
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1. I think that | would like to
use this system frequently

2. | found the system unnecessarily
complex

3. I thought the system was easy
to use

4| think that | would need the
support of a technical person to
be able to use this system

5. I found the various functions in
this system were well integrated

6. | thought there was too much
inconsistency in this system

7. 1 would imagine that most people
would learn to use this system
very quickly

8. | found the system very
cumbersome to use

9. | felt very confident using the
system

10. | needed to learn a lot of
things before | could get going
with this system

Figured: System usability scale (SUS) example
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Annex 4 :. a 2 Q®@eHailing Simulator

This is a BMW proprietary simulator developed to simulate-hdi#ingscenarios. It is not based in
any know traffic simulations. The architecture of the simulator as well as the technologies used for its
development can be seen in the following figures.

AP <>

Requests data
Simulation Manager Vehicles data
config, parameters
Simulation data

AP API API

Simulation Engine Simulation Engine Simulation Engine

Matching API Routing APl Matching API Matching API

Figure5: Architecture of Ridédailing Simiator in SCN1.1

Architecture of the RideHailing-Simulator

The simulation environment comprises several individual components or services respectively. The
Simulation Engine as the main component is responsible for running the actual simulation. The logic
for matching customer requests to fleet vehicles is sepatanto an individual service, the Matching

API. The Routing API is used for the calculation of vehicle routes basedeniStreetMapdata. In
addition, there is a sealled Simulation Manager that allows the compilation and configuration of
multiple simuétion instances running in parallel. Furthermore, it receives the input data necessary for
the simulation and stores this data plus all simulation statistics in a MongoDB database. Built on top
is a web user interfacevhich makes the compilation and confitation available to the user on a
frontend. Along with that, the Web Ul visualizes the simulation in real time on a map and displays all
corresponding statistics.

Simulation Manager

Simulator

Matching API Routing API

Figure6: Technologies Used in the RiHailing Simulator
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Techndogies

For the implementation of the RiddailingSimulator four main technologies were used. The

graphical user interface for the creatiorpnfiguration and visualization of simulations is realized as a

website utilizing the frontend frameworkue.js. The actual simulation components including the

Simulator (Simulation Engine), the Simulation Manager and the Matching API are completely written

Ay D223fSQa 2Ly a2 dzNAsSfor tiNRomtiNg ARIYKASY T hf LISYY3 digl 20ENIDR d
Machine (OSRMé A & dzii A f-perfosnBnde rduiing éndine kritténAnTK+14 designed to run

on OpenStreetMap data. It is available on Docker Huoibpg://hub.docker.com/r/osrm/osrm

backend. For storig all input data and simulation statistics a MongoDB database is used.

Functionality of simulator

The Simulation Engine comprises several internal components. An internal clock keeps track of time
YR Llzof AaKS&a S@SNE compokedty. in a tedimelsimiilatich ori¢ 8ckdvollg G S NI/ | f
be one second. A simulation has as many vehicle entities as fleet vehicles are defined in the input data.

A vehicle entity contains all vehicle attributes and provides methods to update those attrilAutes.

Vehicle Manager is responsible for managing all vehicle entities which includes assigning requests to

I @SKAOf SQa&a NBIjdzSaid 1jdzSdzS +ta ¢Sttt a dzZLJRFOGAYy3I Ad
containing all customer requests. With everktit looks for a request in the list. If there is a reguest

it gets added to the current batch. The batch size is parameterizable but in most cases amounts to 60
seconds. When, in this case, 60 seconds have pagmethatch of requests is sent to the taing

API. This is where the requests will be matched to vehicles based on an arbitrary algorithm. The
matches are returned to the Request Manager which subsequently will tell the Vehicle Manager to
effectively assign the requests to the individual vedsclAs soon as a vehicle has an assigned request

it will start moving and traverse through the vehicle lifecycle states as long as it has requests in its
gueue. When all requests have been served the simulation will stop. During the whole simufagion

Stats Manager component keeps track of the simulation statistics and exposes these data to the
Simulation Manager which stores the information in a database.

Stats Manager

publi Request Manager

Vehicle Manager

Figure7: Simulator components
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Request Manager Vehicle Manager Matching API

POST requests + vehicles

batchElapsed

calcMatchings
Response matches

Assign trips

»

assignRequestToVehicle l

http

function call
>

Figure8: Communication sequenceSimulator and Matching API

Vehicle Manager Routing API

Assign request to vehicle’s queue

_—+ hasRequestinQueue, GET route to pickup

driveToPickUpPos
pickUpCustomer GET route to destination
\ Respense route
\ -
N\ driveToDropOffPos
~~ dropOffCustomer

function call
—_—

Figure9: Communication sequencesimulator and Routing API

Simulation states and data required for simulation

- Requests data

- Vehicles data

- Config data
0 Simulator APl URL
o Matching APl URL
o Routing APl URL

Simulation parameters

- Batching period

- Request service time (announcement time)

- Request max wait time

- Vehicle waiting time pick up (simulates pick up delay)

- Vehicle waiting time drop off (simulates drop off delay)

- Simulation speed

- Snapshot interval (e.g. saves simulation state every 5 mins)
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FigurelQ: Simulation states

The BMW Simulator has two types of basic entities: vehicles and requests. Vehicles are entities that
include informationtypically associated with cars, like position, and also other information that are
described in the table below. Requests are entities that represent a request of a client to be picked up
for a ride. Requests are matched to vehicles. A description oftitbuges can be seen in the table
below. For the simulation to start properly we need a set of parameters (which all have default values)
and a list of vehicles and requests with initial positions. As the simulation starts running, requests are
matched tovehicles and vehicles start moving. Both vehicles and requests go through different
statuses. Transitions from one status to another are triggered when a vehicle reaches a position, for
example pickup location, drop off location or vehicle service lonatiothe future BMW will probably

also have events triggered by other parameters, like level of fuel or battery. Information about vehicles
and requests are stored and can be exported from the simulation anytime as a snapshot of the
simulation.

Data Diagam

This section provides an overview of the data model used in the fleet management application in
combination with the data depicted irror! Reference source not found.

Vehicle

id

Request state

pos

id currentETA

1

state
passengerCount
pickupPos
dropOffPos
beingPickedTime
expirationTime
timestamp
announcementTime
pickedUpTime
servedTime

0 has queue

n serving

has pick-up

1

0 n

RequestState

id
state

has drop-off

requestQueue
currentidleTime
idleTimeTotal
traveledTimeTotal
traveledTimeTotalEmpty
mileage
mileageEmpty
specs

fuel

serving

route

speedKmh
current Time

Position

id
latitude
longitude

ofn h
101

VehicleState

has id
state

Figurell. Fleet Management Data Model

This section describes basic types defined in the data model.

Position

Position data type represents a single location in geographic WGS 84 coordinates.
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Attribute Description

Latitude Latitude of the location

Longitude Longitude of the location
State

State (request or vehicle) data type represents the state of a request or a vehicle. The values are
different for requests ad vehicles.

Attribute Description
state State of request/vehicle

Advanced Types
This section describes advanced types defined in the data model.
Request

Requests are entities that represent a request of a client to be picked up for a ride. Requests are
matched to vehicles.

Attribute Description

state State of the request.

passengerCount Count of passengers.

pickupPos Coordinates of the pickp position.

dropOffPos Coordinates of the dropff position.

beingPickedTime Estimation date and time whethe request will be picked up.

expirationTime Date and time when the request expires, That means that if
request is not picked up until then, then the request is no longer v

announcementTime Date and time when the request was inserted in theteys

pickedUpTime Date and timewhen the request is actually picked up.

servedTime Date and time when the request is actually served. Will be O if th
request has not been served yet.

Vehicle

Vehicles are entities that include information typicalsociated with cars, like positiamd speed.

Attribute Description

state State of the vehicle.

pos Coordinates of the vehicle position.

currentETA Date and time of estimated time of arrival.

requestQueue List of request ids matched to this vehicle.

currentldleTime Current idle timeHow much time has the vehicle been idle until n
in minutes.

idleTimeTotal Total time while in idle state in minutes.

traveledTimeTotal Total time the vehicle was moving in minutes.

traveledTimeTotalEmpty| Total timethe vehicle has been moving whitet having a custome
in minutes.

mileage Total distance the vehicle has been moving in km.

mileageEmpty Total distance the vehicle has been moving while not havir
customer in km.

specs Specification of the vehicldike how many seats are availabkc.
This field is for future reference. Empty at the moment.

Fuel Percentage of fuel tank or battery remaining. This field is for fu
reference. Empty at the moment.
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Request being served. Request id withattilibutes of the request.

serving

route Route of the vehicle. When vehicle on route to pick up the custor
the route is up to the pickip point. When vehicle is serving a reque
the route is to the destination.

speedKmh Vehicle speed.

currentTime

Dateand time of the simulator.

Vehicle lifecycle
- ldle:
- EnRoutePU:
- WaitingPU:
- EnRouteDO:

WaitingDO

hasArrived

EnRoutePU

hasArrived

EnRouteDO WaitingPU

hasPickedUp

Figue 12: Vehicle lifecycle states

Vehicle is parked and ready to serve requests.

Vehicle is on its way to the pickup location.

Vehicle waits at pickup location until customer leaered the vehicle.
Vehicle is on its way to the dregff location.

- WaitingDO: Vehicle waits at drayf location for customer to exit the vehicle.

Request lifecycle

Unannounced

Unmatched

Waiting MaxWaitTime Expired

BeingPickedUp

BeingServed

Served

Figurel3: Request lifecycle

- Unannounced: Reaqiest P! not active yet.
- Unmatched: Request is announced/active. Customer has sent request.
- Waiting: Waiting time of customer at pickup location.
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- BeingPickedUp:
- BeingServed:
- Served:

Customer enters vehicle.
Customer is in vehicle and on the way to the dadplocation.
The ride has ended/The request is fulfilled.

The following API calls have been implemented so far:
- Request list of vehicles.
- Request list of requests.
- Request simulation statistics

Simulation statistics

InitTime:

CurrentTime:

Running:

Progress:

ClockSpeed:
EstimatedFinishTime:
RequestsTotal:
RequestsBatched:
RequestsWaiting:
RequestsBeingPickedUp
RequestsBeingServed:
RequestsServed:
RequestsExpired:
VehiclesTotal:
Vehiclesldle:
VehiclesActive:

Costmeasurement

Start time ofsimulation

Current time

State of simulation (Ready, Running, Paused, Finished)
Progress of simulation in percent

Speed of simulation (e.g. real time or time lapse)
Estimated fifsh time of simulation

Total number requests in simulation

Number of requests that are currently batched

bdzYo6SNJ 2F NBIdzSada OdaNNByidte Ay ail
Number of requestscurséi f @ Ay aGF 4GS ao0SAy3 LIAO
bdZYo SNJ 2F NB|dz8aida OdNNBydte o6SAy3

Number of fulfilled requests

Number of requests that expired due exceeding pickup time

Number of vehicles available

Number of vehicles currently available to serve requests

bdzYo SNJ 2F @OSKAOf Sa GKFdG FNB y2i Ay

To assess fleet operations costs that occur with and without tkkessibility to real time parking data

and predictions a soalled Cost APl will be implemented. This service will provide a parametrizable
cost model. Based on this cost model and the statistics delivered by the Simulator fleet operations
costs will be callated and taken as input for KPI measurement.
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